ABSTRACT It is well documented that vasoactive intestinal peptide (VIP) is an avian prolactin-releasing factor, regulating the reproductive cycle, that initiates and maintains incubation behavior in avian species. Native Thai chicken has strong maternal behaviors. Thus, it is an excellent animal model to study this phenomenon. Changes in the numbers of VIP neurons within the nucleus inferioris hypothalami (IH) and nucleus infundibuli hypothalami (IN) are associated with maternal behaviors in the native Thai chicken. The objective of this study was to elucidate the role of VIP during the transition from egg incubation to rearing behavior in this species. The distributions of VIPimmunoreactive (-ir) neurons and fibers within the nucleus septalis lateralis (SL), nucleus anterior medialis hypothalami (AM), regio lateralis hypothalami (LHy), nucleus commissurae pallii (nCPa), nucleus ventromedialis hypothalami (VMN), and IH-IN were compared between incubating (INC) hens and replaced-egg-withchicks (REC) hens, in which eggs were replaced by 3-day-old chicks after 6, 10, and 14 d of incubation period for 3 days. Using an immunohistochemistry technique, the results revealed that VIP-ir neurons and fibers were found within the SL, AM, LHy, nCPa, VMN, and IH-IN, with the greatest expression observed in the IH-IN in both groups. The number of VIP-ir neurons in the IH-IN was markedly decreased (P < 0.05) in the REC hens when compared with those of the INC hens at 3 different time points (at d 9, 13, and 17). However, changes in the number of VIP-ir neurons between the INC and REC hens were not observed within other hypothalamic areas tested. These findings indicate that the presence of eggs and chicks affects the VIPergic system, and VIP neurons in the IH-IN might play a role in the transition from incubating to rearing behavior in the native Thai chicken.
INTRODUCTION
Maternal behavior is defined as the collection of behaviors by the mother that can increase the survival of the offspring (Krasnegor and Bridges, 1990) . In mammals, maternal behaviors consist of internal incubation of embryos during gestation, delivery of the young at parturition, and maternal care until weaning (Rosenblatt, 2003; Brunton and Russell, 2008) . In birds, maternal care behaviors include incubation and brooding or rearing behavior. Incubation behavior is defined by sitting continually on the eggs until they hatch, while rearing behavior is associ-C 2017 Poultry Science Association Inc. Received April 20, 2017. Accepted June 12, 2017. 1 Corresponding author: Email: chaiseha@yahoo.com ated with the care of newly hatched chicks . The hens express maternal behaviors in 4 gradual stages as follows: brooding, titbitting, clucking, and normal broody behavior (Ramsay, 1953) , and these incidences concur with a pause in laying and a significant long-term decline in the levels of reproductive hormones (Richard-Yris et al., 1983) .
The neuroendocrine systems that regulate the avian reproductive system include the gonadotropin-releasing hormone/follicle stimulating hormone-luteinizing hormone (GnRH/FSH-LH) and vasoactive intestinal peptide/prolactin (VIP/PRL) systems. The GnRH/FSH-LH system regulates the egg-laying period, whereas the VIP/PRL system initiates and maintains maternal behaviors and may influence the onset of gonadal regression. Both systems are governed by the dopaminergic (DAergic) system .
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In birds, it is well documented that VIP is the avian PRL-releasing factor (PRF), and PRL inhibits the release of FSH and LH, induces and maintains ovarian regression, and initiates incubation behavior. In addition, tactile stimuli from the nest and eggs maintain elevated circulating PRL levels in incubating hens (El Halawani et al., 1997) .
The distributions of VIP-containing neurons and fibers have been mapped in many avian species, such as Pekin ducks (Korf and Fahrenkrug, 1984) , bantams (Macnamee et al., 1986) , pigeons (Hof et al., 1991) , ring doves (Norgren and Silver, 1990) , dark-eyed juncos (Saldanha et al., 1994) , chicks (Kuenzel et al., 1997) , turkeys (Chaiseha and El Halawani, 1999) , Japanese quail (Teruyama and Beck, 2001) , collared doves (Den Boer-Visser and Dubbeldam, 2002) , starlings (Dawson et al., 2002) , zebra finches (Kingsbury et al., 2015) , blue tits (Montagnese et al., 2015) , and native Thai chickens (Kosonsiriluk et al., 2008) . In the native Thai chicken, VIP-immunoreactive (-ir) neurons and fibers are predominantly located in the diencephalon, where VIP-ir neurons are concentrated within the nucleus inferioris hypothalami (IH) and nucleus infundibuli hypothalami (IN) areas. Changes in the number of VIP-ir neurons within the IH-IN are directly parallel to circulating PRL levels across the reproductive stages (Kosonsiriluk et al., 2008) . Furthermore, the number of VIP-ir neurons decreases concurrently with circulating PRL levels in nest-deprived incubating and disruption-of-rearingbehavior hens (Prakobsaeng et al., 2011; Chaiyachet et al., 2013b) . These findings suggest that VIP neurons in the IH-IN play a regulatory role in year-round reproductive activity and indicate their importance in the regulation of maternal behaviors in this species (Kosonsiriluk et al., 2008) .
Native Thai chicken (Gallus domesticus) is an equatorial, tropical non-seasonally breeding species. It expresses strong maternal behaviors (Sawai et al., 2010) . It is well documented that the neuroendocrine regulation of maternal behaviors in the female native Thai chicken is associated with the GnRHergic, VIPergic, DAergic, and mesotocinergic (MTergic) systems Chokchaloemwong et al., 2015) . However, the role(s) of VIP during the transition from incubation behavior to rearing behavior has never been studied, to the best of our knowledge. As aforementioned, the native Thai chicken expresses strong maternal behaviors, and therefore it is an excellent animal model for the study of this phenomenon. Thus, the objective of this study was to elucidate whether changes in the number of VIP-ir neurons might be associated with the transition from incubation to rearing behavior in the native Thai chicken. Changes in the number of hypothalamic VIP-ir neurons of incubating hens were compared with those of replaced-eggs-with-chicks hens. The findings may provide an insight into the role of VIP in the mechanism(s) underlying the regulation of maternal behaviors in birds.
MATERIALS AND METHODS

Experimental Animals
Female and male native Thai chickens, 20 to 22 wk old, were used. They were reared and housed (6 females and one male/pen) in floor pens equipped with nest baskets under natural light (12 h of light and 12 h of darkness; 12L:12D). Food and water were provided ad libitum. At 24 wk of age, the hens were subjected to the experimental treatments. The animal handling and maintenance used adhered to the guidelines approved by the Suranaree University of Technology Animal Care and Use Committee.
Experimental Design
To investigate the role of VIP during the transition from incubation behavior to rearing behavior, 36 female chickens and 6 mature roosters were reared and housed in 6 floor pens (6 females and one male/pen). After laying period, the hens were randomly divided into 2 treatment groups: Group 1, 18 hens were allowed to incubate their eggs naturally (INC hens), and Group 2, 18 hens were allowed to incubate their eggs for 6, 10, and 14 d, and then they were subjected to rearing period by replacing their eggs with 3-day-old chicks (replacedegg-with-chicks hens, REC hens). The hens (n = 6) were sacrificed after the chicks were introduced to the hen after 3 d (at d 9, 13, and 17) in Group 2. The hens (n = 6) were sacrificed at d 9, 13, and 17 in Group 1 as the control group. The brains were fixed by pressure perfusion with 4% paraformaldehyde prior to sectioning in a cryostat and further processing by immunohistochemistry (IHC). A postmortem examination of each hen was performed to confirm its reproductive stage.
Tissue Preparation and Immunohistochemistry
To evaluate the distributions of hypothalamic VIPir neurons and fibers, brain tissue sections were prepared and IHC was performed as previously described (Prakobsaeng et al., 2011) . In this study, the primary and secondary antibodies used for detecting VIP immunoreactivity were a VIP primary antibody (polyclonal anti-chicken VIP antiserum (VIP4-DYC8) provided by Dr. M.E. El Halawani, University of Minnesota) and a Cy TM 3-conjugated AffiniPure donkey anti-rabbit IgG (Jackson ImmunoResearch Laboratories, West Grove, PA), respectively. The specificity of the VIP antibody was previously tested (Kosonsiriluk et al., 2008; Prakobsaeng et al., 2011; Chaiyachet et al., 2013b; Kamkrathok et al., 2016) .
Image Analysis
Microscopic images of the sections were visualized and analyzed and then the number of VIP-ir (Kuenzel and Masson, 1988) . The following abbreviations are used in the figure legends: AM, nucleus anterior medialis hypothalami; IH, nucleus inferioris hypothalami; IN, nucleus infundibuli hypothalami; LHy, regio lateralis hypothalami; nCPa, nucleus commissurae pallii; VMN, nucleus ventromedialis hypothalami; SL, nucleus septalis lateralis; and V III, ventriculus tertius (third ventricle).
neurons was quantified as previously described (Prakobsaeng et al., 2011) . VIP-ir neurons in individual hypothalamic areas were visualized and quantified: nucleus septalis lateralis (SL), nucleus anterior medialis hypothalami (AM), regio lateralis hypothalami (LHy), nucleus commissurae pallii (nCPa), nucleus ventromedialis hypothalami (VMN), and IH-IN. Briefly, 4 adjacent sections of each hypothalamic area were manually counted to determine changes in the number of VIP-ir neurons. The number of VIP-ir neurons was then averaged across the 4 sections for each bird and for each treatment group to determine the number of VIP-ir neurons counted per section in each hypothalamic area. The mean values were compared among treatment groups. The nomenclature and schematic diagrams from the stereotaxic atlas of the brain of the chick (Kuenzel and Masson, 1988 ) and the chicken hypothalamus (Kuenzel and van Tienhoven, 1982) were used to illustrate VIP immunoreactivity.
Statistical Analysis
All values are expressed as the mean ± SEM. Significant differences in VIP-ir neurons between treatment groups (INC hens and REC hens) were analyzed using 
RESULTS
To investigate the association of the VIPergic system with the transition from incubation behavior to rearing behavior, schematic representations of the distributions of VIP-ir neurons and fibers throughout the brain are illustrated in Figure 1 . Changes in the number of VIP-ir neurons within the individual hypothalamic areas of the INC and REC hens were compared at 3 different time points (Table 1) Figure 2 . A comparison between the INC and REC hens demonstrated that the number of VIP-ir neurons significantly decreased (P < 0.05) in the REC hens, in which the eggs were replaced by the chicks after 6, 10, and 14 d of incubation period for 3 days. However, changes in the number of VIP-ir neurons between the INC and REC hens were not observed within the SL, AM, LHy, nCPa, or VMN. In addition, changes in the number of VIP-ir neurons were compared across 3 different time points in each treatment group. The results indicated that changes in the number of VIP-ir neurons were not observed in all hypothalamic areas tested, except in the IH-IN in both groups. Within the IH-IN, the number of VIP-ir neurons was markedly decreased (P < 0.05) in the hens that were allowed to incubate their eggs for 17 d (INC17 hens) when compared with the INC9 and INC13 hens. Vice versa, the number of VIP-ir neurons was markedly decreased (P < 0.05) in the hens that were allowed to incubate their eggs for 14 d and then replacing their eggs with chicks for 3 d (REC17 hens) when compared with the REC9 and REC13 hens.
. The differential distribution of VIP-ir neurons and fibers in the IH-IN of the INC and REC hens is demonstrated in
DISCUSSION
The data presented herein demonstrate an involvement of the VIPergic system during the transition from incubating to rearing behavior in the native Thai chicken. The results reveal changes in the number of VIP-ir neurons in the IH-IN between INC hens and REC hens, in which eggs were replaced by chicks after 6, 10, and 14 d of incubation period for 3 days. The number of VIP-ir neurons in the IH-IN was decreased in the REC hens when compared with those of the INC hens. However, changes in the number of VIP-ir neurons between the INC and REC hens were not observed within the SL, AM, LHy, nCPa, or VMN. These findings indicate that the presence of eggs and chicks affects the VIPergic system, and suggest that VIP neurons in the IH-IN play a role during the transition from incubating to rearing behavior by initiating the rearing behavior during incubation in the native Thai chickens, a gallinaceous continuously breeding species.
In this present study, VIP-ir neurons and fibers were found within the SL, AM, LHy, nCPa, VMN, and IH-IN. The highest accumulation of VIP-ir neurons and fibers was found in the IH-IN in both INC and REC hens. When the hens were forced to make the transition from incubating to rearing behavior at early incubation (6 d), mid incubation (10 d and INC13 hens, and the number of VIP-ir neurons in the IH-IN was also decreased in the REC17 hens when compared with the REC9 and REC13 hens. However, no changes in the number of VIP-ir neurons between the INC and REC hens were observed within the other hypothalamic areas tested, emphasizing that only VIP neurons in the IH-IN are involved with the maternal care behaviors in this species. The results of this present study are in good agreement with previous studies from our laboratory, in which disruption of incubation behavior by nest deprivation results in a sharp decline in the number of VIP-ir neurons in the IH-IN (Prakobsaeng et al., 2011) to the same level as that observed in the rearing hens (Chaiyachet et al., 2013b) .
Disruption of incubation behavior is associated with a significant decrease in VIP-ir neurons in the IH-IN, a decrease in tyrosine hydroxylase (TH)-ir neurons in the nucleus intramedialis (nI) and nucleus mamillaris lateralis, an increase in the number of GnRH-ir neurons in the nCPa, and a decline in plasma PRL levels. These changes are associated with an increase in ovary and oviduct weights and initiation of the laying activity (Prakobsaeng et al., 2011; Sartsoongnoen et al., 2012) . These previous findings suggest that the expression of incubation behavior is regulated by the DAergic system, which in turn stimulates the VIP/PRL system to induce and maintain incubation behavior . In addition, in ring doves, domesticated pigeons, and bantam hens, increases in the number and cell size of VIP neurons are observed in the infundibulum, anticipating the increase in circulating levels of PRL (Peczely and Kiss, 1988; Sharp et al., 1989; Cloues et al., 1990) . These neuroendocrine changes are reversed when hens re-nested (Sharp et al., 1988) .
For successful reproduction, care for the offspring is deemed essential. This maternal behavior must be performed immediately after birth or hatching of offspring and serves the immediate provision of care and defense for the young (Brunton and Russell, 2008) .
In birds, maternal experiences, neurotransmitters, neurohormones, neuromodulators, hormones, and stimuli from the young interact in multiple complex events to promote maternal care responsiveness . The expression of rearing behavior results from the presence of chicks, inducing the emergence of specific maternal behaviors, including vocalizations such as clucking and food calling. This behavior consists of the hen's allowing the chicks to nestle underneath its slightly raised wings, while assuming a distinct crouching posture (Hess et al., 1976) . Stimuli from the chicks are clearly involved in the establishment, appearance, and maintenance of this behavior, and it can be induced by introducing the newly hatched chicks to the hens (Richard-Yris and Leboucher, 1987; Opel and Proudman, 1989) .
The end of incubation behavior and initiation of rearing behavior is associated with elevated LH levels and markedly decreased PRL levels from the high levels presented during the incubation period (Leboucher et al., 1993; Lea et al., 1996; Richard-Yris et al., 1998; Wang and Buntin, 1999) . Indeed, physical contact between the hen and chicks, alone or in combination with visual and/or auditory stimuli originating from the chicks, induces this behavior and a mother-offspring bond is then formed (Edgar et al., 2011) .
In this present study, the number of VIP-ir neurons in the IH-IN sharply declined after introducing newly hatched chicks to the hens during the early-, mid-, and late-incubation periods. These results are consistent with the findings that at the onset of rearing behavior in the native Thai hens, the number of VIP-ir neurons in the IH-IN decrease from that of the incubating levels, but remained significantly higher than that of hens deprived of their chicks, and these changes are mirrored by circulating PRL levels, suggesting that the VIP/PRL system is not only a key regulator of incubation behavior, but it also might be involved in rearing behavior as well, with a lower VIPergic threshold (Chaiyachet et al., 2013b) . Indeed, disruption of rearing behavior decreases the number of VIP-ir neurons in the IH-IN (Chaiyachet et al., 2013b) , the number of TH-ir neurons in the nI, a parallel decline in PRL levels (Chokchaloemwong et al., 2015) , and an increase in the number of GnRH-ir neurons in the nCPa (Chaiyachet et al., 2013a) , suggesting that the VIPergic, DAergic, and GnRHergic systems are involved in the initiation and maintenance of rearing behavior, as DA is the principal neurotransmitter regulating the VIP/PRL system (Chokchaloemwong et al., 2015) . Moreover, the MTergic system has been reported to be involved in the rearing behavior of birds (Thayananuphat et al., 2011; Chokchaloemwong et al., 2013) . In the native Thai hens, differences in the number of MT-ir neurons in the nucleus preopticus medialis, nucleus supraopticus, pars ventralis, and nucleus paraventricularis magnocellularis areas are observed across the reproductive stages and between the rearing of hens and the rearing of hens deprived of their chicks (Chokchaloemwong et al., 2013) . These findings well support an association of the neuronal interactions among the GnRHergic, DAergic, VIPergic, and MTergic systems in the neuroendocrine regulation of avian reproductive activity and maternal care required for the hatched young .
In summary, the present study demonstrates an involvement of the VIPergic system in the IH-IN during the transition from egg incubation to rearing of the chicks in the native Thai chicken. When hens were forced to make this transition, the number of VIP-ir neurons was markedly decreased in the REC hens when compared with those of the INC hens, suggesting a role for the VIPergic system in the IH-IN in the initiation and maintenance of rearing behavior. These findings further indicate that the presence of eggs and chicks affects the VIPergic system in native Thai chickens.
